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Trip A-18
Mechanisms of Alleghenian Deformation in the Pennsylvanian
of Rhode Island
by
Sharon Mosher and Dennis S. Wood,
Department of Geology, University of Illinois
Abstract
The Pennsylvanian conglomerates of Rhode Island probably afford the 
best demonstration in the published literature of rock deformation achieved 
by a pressure solution mechanism which has operated on a large scale. This 
excursion will visit numerous localities in various metamorphic grades and 
encompassing a variety of mean total strain values. It can be demonstrated 
that pebbles ranging in shape from highly prolate to appreciably oblate, 
have strain shapes that are almost exclusively the result of pressure solu­
tion. Abundant evidence of pebble-pebble penetration in directions of fin­
ite shortening and silica overgrowths in directions of finite extension 
demonstrate the effectiveness of pressure solution as a major deformation 
mechanism and permit some evaluation of the extent of volume changes during 
deformation
Introduction
The Narragansett Basin of southeastern Massachusetts and eastern 
Rhode Island is an arcuate structural basin, having a northeast-southwest 
trend in Massachusetts which deviates to a north-south trend in Rhode 
Island (figure 1). The basin is defined by the presence of up to 12,000 
feet of Pennsylvanian age clastic sedimentary rocks of essentially non­
marine origin. The basin is therefore structurally defined by the effects 
of Alleghenian deformation and its present shape may have an imprecise 
relationship to the Pennsylvanian sedimentary environment in which the 
rocks accumulated.
Conglomerates are present at numerous horizons within the Narragansett 
Basin, but the major occurrences are in the lower part and also near to the 
top of the Pennsylvanian sequence. The conglomerates occur in intermittent 
and discontinuous lenses up to several hundred feet in thickness and several 
miles in length.
Alleghenian deformation is most intense in the southernmost parts of 
the basin in Rhode Island, where the metamorphic grade ranges from the chlor­
ite zone in the south-central part of the basin to above the level of the 
staurolite isograde in the southwestern extremity of the basin. Both the 











Figure 1. Geological sketch map and basic stratigraphy
of the Narragansett Basin.
473
The effects of Alleghenian deformation and the variation in its 
intensity are most spectacularly seen in the conglomeratic rocks of 
southern Rhode Island which are collectively known as the Purgatory 
Conglomerate.
Pre-Pennsvlvanian Basement of Rhode Island
The basement is quite different on the two sides of the Narragansett 
Basin and no correlations are possible. To the east of the basin, the 
basement consists of the foliated Bulgarmarsh Granite which has a Lower 
Paleozoic age (Galloway, 1970), together with some low grade schists of 
sedimentary origin. The rocks on the western side of the basin include a 
highly heterogeneous assemblage of gneisses, foliated granites, and non­
foliated granites, together with low to medium grade metasedimentary and 
metavolcanic sequences such as the Blackstone Series of northern Rhode 
Island.
The majority of the gneisses and granites to the west of the basin 
comprise the "Rhode Island Batholith". Although basically younger than the 
Blackstone Series (Quinn, 1971), this is a complex of crystalline basement 
which has undergone mobilization at several stages. The older part may 
pre-date the Blackstone Series which is itself intruded and partially 
granitized in places by younger mobilizates of Cambro-Ordovician age. The 
Hope Valley Alaskite and the Ten Rod Granite portions of the Rhode Island 
Batholith which were initially thought to be of Precambrian age (Day, 1968) 
have recently been revised to a somewhat younger age.
The Blackstone Series is totally unlike any known Lower Paleozoic 
rocks of the region and is considered to be of late Precambrian age. It 
consists of orthoquartzites, greywackes, siltstones, conglomerates, marbles, 
mafic to intermediate tuffs and mafic lavas which are, in places, pillowed. 
The main outcrop of the Blackstone Series passes under the Pennsylvanian 
rocks of the Narragansett Basin and almost certainly reappears as the pre- 
Pennsylvanian inliers at the south ends of Aquidneck and Conanicut Islands 
(figure 1) .
Much of the Blackstone Series is in the highly disrupted form of a 
gigantic melange. Deformation is inadequate to account for the degree of 
disruption and work currently in progress by Robare, Wood and Mosher indi­
cates that this may be a large submarine slide deposit. The presence of 
pillowed lavas, limestones and orthoquartzites within a sequence which is 
frequently in the condition of a melange is reminiscent of the late Precam­
brian of North Wales which has been correlated with the Avalonian of 
Newfoundland and other similar age events in the Appalachian region (Wood, 
1974). This raises the possibility that the Blackstone Series may be 
equivalent to those late Precambrian formations of the Avalon Peninsula 
that underwent deformation and metamorphism immediately prior to 570 mil­
lion years ago. it remains to be seen whether the Blackstone Series can 
be convincingly demonstrated either to be part of a plate margin sequence 
which accumulated at the edge of some pre-Iapetus ocean, or, whether it is 
the remains of an Avalonian age back arc basin.
474
Formation of the Narragansett Basin
There are three possible origins for the Narragansett Basin. It is 
either (a) a simple sedimentary basin which conformed essentially to the 
present structural basin; (b) a limnic graben; or (c) it may be a thrust 
sheet remnant. Weathering profiles observable at the southeastern contact 
with the basement, together with the presence of coarse, angular conglom­
erates near to the northern margin of the basin, appear to support the
simple basin model. The graben model is a modification which would have 
the basin margins bounded by faults that may have been obliterated in 
places as they were covered by the latest Pennsylvanian sediments. This
graben model would view the Narragansett Basin as being similar to the
Hercynian grabens of southern Europe. The final possibility, that the 
rocks of the basin are part of an exotic thrust sheet, is the most specu­
lative. However, new road cuttings in the western part of the basin along 
State Highway 138 (see figure 6) contain features reminiscent of those 
associated with the Honeyhill fault in eastern Connecticut where Alleghen­
ian movement on this fault, along with thrusting on the Lake Char and 
Tatnic faults has been documented (Wintsch, 1975).
Pennsylvanian Stratigraphy of the Narragansett Basin
The basin contains approximately 12,000 feet of sedimentary rocks 
(Shaler et. al., 1899). Plant fossils indicate that much of the sequence 
is of Pennsylvanian age but it has been suggested that the entire sequence 
may range from upper Mississippian to Permian (Mutch, 1968).
The basic stratigraphy is shown in figure 1. The Rhode Island Forma­
tion may be considered as a matrix unit within which four other formations 
interfinger. These are the discontinuous and varied basal unit, the Pond­
ville Formation; the overlying Wamsutta Formation and its approximate 
correlative, the Purgatory Conglomerate; and the highest preserved forma­
tion, the Dighton Conglomerate which is almost entirely restricted to 
Massachusetts and is only exposed between Fall River and North Attleboro.
The Wamsutta Formation and Purgatory Conglomerate on the one hand, and the 
Dighton Conglomerate on the other hand, are separated by several thousand 
feet of the Rhode Island Formation.
The Pondville Formation is conglomeratic in the north and east of the 
basin; arkosic in the south of Conanicut Island; consists of well sorted 
interlayered sandstones and carbonaceous siltstones in the south of 
Aquidneck Island; and finally, along the eastern margin of the basin com­
prises a highly micaceous and somewhat carbonaceous arkose (Mutch, 1968).
The Wamsutta Formation is restricted to the northern part of the 
basin and consists of reddish siltstones and fine grey sandstones, together 
with coarser channel deposits. Volcanic detritus is widespread and both 
silicic and mafic lava flows occur near Attleboro.
The Purgatory Conglomerate occupies a similar stratigraphic position 
in the southern part of the basin to that of the Wamsutta Formation in the 
north. It is a coarse conglomerate composed primarily of quartzite boulders 
and pebbles. It outcrops east of the Sakonnet River near to the margin of
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the basin, is very widespread on Aquidneck Island and also occurs in an 
appreciably higher metamorphic grade on Conanicut Island. The conglomer­
ate occurs in elongate lenses ranging in thickness from a few feet to 
several hundred feet. In most outcrops there is very little sand size 
matrix between the closely packed pebbles and boulders which owe their 
cohesion almost entirely to tectonically induced pressure welding.
The Rhode Island Formation consists of nearly 10,000 feet of undif­
ferentiated sandstones, shales, thin conglomerates and some beds of meta­
anthracite (Quinn, 1971) . Most of the formation appears to be of non­
marine,. fluvial origin. The overlying Dighton Conglomerate may also be 
of fluvial origin (Perkins, 1920).
The overall Pennsylvanian stratigraphy, with red beds and subaerial 
volcanics (Wamsutta Formation) in the north, passing southwards into 
coarse clastic sediments together with coals and shales (Rhode Island 
Formation) and finally into a boulder conglomerate facies (Purgatory Con­
glomerate) , would appear to indicate a southerly paleoslope in an environ­
ment of massive Pennsylvanian erosion and accompanying deposition. Swamps 
and constantly fluctuating streams existed in what may have been a subsiding 
and tilting basin or graben. The occurrence of the Purgatory Conglomerate 
in the south of the basin may indicate that the basin opened in that direc­
tion (Mutch, 1968) into a uniformly higher energy environment in which the 
coarse boulder units accumulated. One problem is the absence of marine 
fossils in any of the sandy and silty units associated with the Purgatory 
Conglomerate. Another problem is the source of the quartzite boulders.
The boulders are, on the basis of Walcott's recognition of fossils, Upper 
Cambrian to Lower Ordovician in age (Walcott, 1898). Because some boulders 
contain several species of the brachiopod Obolus which is also found in the 
Lower Ordovician of Belle Island, Newfoundland, it has been suggested that 
the source of the Purgatory Conglomerate was a southward extension of the 
latter formation (Towe, 1959).
Alleghenian Structure and Metamorphism
The southern portion of the Narragansett Basin shows the principal 
development of both deformation and metamorphism. Folding is on north- 
south axes; axial surfaces are always steep; and the folds are upright to 
overturned. There is no unique direction of fold vergence. The wavelengths 
of major folds are commonly about one mile (Lahee, 1912), although wave­
lengths and amplitudes may reach a maximum of approximately five miles and 
one mile respectively. Cleavage is commonly developed in argillaceous units. 
There is frequently more than one cleavage. The principal cleavage shows 
characteristically strong fanning and is only parallel to the axial surfaces 
near to those surfaces. Elsewhere, this cleavage has undergone modifica­
tion in orientation as a result of slip along contrasted lithological boun­
daries subsequent to its initial formation. A somewhat random orientation 
of later cleavages about the fold axes, is similarly explained by localized 
shear within individual beds as a result of slip along their bounding sur­
faces. The deformation reaches its maximum expression in the Purgatory
Conglomerate.
476
In the southern part of the Narragansett Basin, the lowest grade of 
metamorphism is that of the chlorite zone which encompasses most of Aquid­
neck Island. Eastward the grade increases into the biotite zone; westward 
it is locally sufficient for staurolite to occur. Sillimanite has been 
recorded in the disused graphite mine at Tower Hill, approximately one and 
a half miles north of Narragansett Pier in the extreme southwest of the 
basin. Staurolite is found on Conanicut Island, below the eastern end of 
the Jamestown Bridge, where it occurs in a quartz-free, muscovite-rich 
rock which contains garnet and graphite. The staurolite bearing units are 
interbedded with graphitic shales containing clearly recognizable plant 
fossils. The occurrence of both sillimanite and staurolite may be a chemi­
cal anomaly or be related to the possibility that a high level, short lived 
metamorphism held the rocks at a high temperature for a period that was 
insufficient for complete equilibrium to be attained.
The lower grade rocks clearly show that an initial syntectonic progres­
sive metamorphism was followed by a stage of late-tectonic retrogressive 
metamorphism during which static growth of both biotite and garnet occurred.
The metamorphism has been ascribed to the intrusion of the Narragansett 
Pier Granite (figure 1) which does indeed intrude Pennsylvanian metasedi­
ments in the extreme southwest of the basin. However, the granite becomes 
more pegmetitic rather than aphanitic towards the Pennsylvanian contact in 
most places. Furthermore, the granite appears to be quite inadequate in 
extent to account for the metamorphism. Some twenty miles to the north of 
the Narragansett Pier Granite, the Pennsylvanian contains regionally devel­
oped garnet in an area where the pre-Pennsylvanian basement consists of the 
Blackstone Series. It is therefore more likely that the Narragansett Pier 
Granite represents the southern part of the pre-Pennsylvanian Rhode Island 
Batholith that underwent local Upper Paleozoic metamorphism and partial
remobilization.
Conglomerate Deformation in Southern Rhode Island
The Purgatory Conglomerate occurs in a series of elongate north-south 
ridges which mark the positions of major fold limbs. Dips are commonly 
steep and range from 50° to 80°. Conglomerate units are interbedded with 
thin sandstones and magnetite-rich sandstone lenses. Pebbles in the conglom­
erates are predominantly quartzite, although rare granite and schist pebbles 
are present. The conglomerates are seen in metamorphic grades ranging from 
chlorite to garnet.
The pebbles and boulders generally have the form of triaxial ellipsoids, 
but vary from highly prolate to appreciably oblate throughout the basin. In 
places, for example on Coaster's Harbor Island (locality 5), they are rela­
tively undeformed. It has been shown that the major part of the deformation 
in that part of the basin which is in the chlorite grade, was achieved by a 
pressure solution mechanism (Mosher, 1976). Interpenetration of adjacent 
pebbles (figure 2), together with the widespread development of pressure- 
shadow overgrowths of fibrous quartz on the long-axis terminations of pebbles 
(figure 3), both testify to the effectiveness of the pressure solution mech­
anism. Where pebble-pebble contacts occur, the internal fabric of both 





Quartzite pebble inter-penetration features 
Mutual interpenetration of pebbles. Pebble 
margins conform perfectly, with both of any 
adjacent pebbles showing volume loss.










Figure 3. Fibrous pressure shadows of nearly pure quartz
A. Overgrowth at the long axis termination 
of an elongate quartzite pebble.
B. Overgrowths connecting two quartzite pebbles.
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remains undistorted. Although the amount of strain, as indicated by the 
pebble shapes, varies, as also does the degree of metamorphism, continu­
ing work indicates that pressure solution is a most important factor in
the deformation of the entire basin.
The amount of deformation which has taken place at various localities
can be represented in several ways. Standard deformation plots of log X/Y
against log Z/Y are shown in figure 4 for the first two localities to be 
visited. Their most striking feature is the wide scatter of individual 
pebble shapes. Although some of the scatter is due to an initial shape
factor effect, it is the pattern to be expected in a conglomerate where
pebble shapes have been modified by pressure solution. In such a case, the
pebbles will not undergo uniform dissolution but, rather, this will depend
upon their position relative to other pebbles, size, degree of solubility 
and amount of inter-pebble matrix.
A more satisfactory means of demonstrating the amount of shape change 
undergone by pebbles is shown in figure 5 where the pebble ratios Y/X and 
Z/X are plotted. The reason for using this plot is that pebbles are 
indented and pitted in every direction normal to their long axis which 
itself has undergone no change in length. This latter is demonstrated by 
the fact that fibrous quartz overgrowths are restricted to long-axis ter­
minations of pebbles. Thus the long pebble dimension (X) remains unaltered, 
whereas every direction in the plane containing the Y and Z axes is one of 
finite shortening. In this special case, where the pebble shapes can be 
reasonably plotted as in figure 5, the magnitudes of shortening in the Y 
(intermediate) and Z (short) axis directions can be read directly as prin­
cipal strains. Thus, for locality 2 (west side of Sakonnet River) the 
average shortening of Y is 49% and of Z is 67%. The average "principal 
strains" for the pebbles, rather than the bulk rock, are therefore:
E =0; E?= -0.49; E^= -0.67. For locality 1 (High Hill Point on the east 
side of the Sakonnet River), the average principal strains are E = 0;
E = -0.52; E3= -0.75.
Even if initial shape fluctuations are taken into account, the data 
presented in figure 5 indicates that enormous volumes of silica have been 
removed from pebbles. This was either redeposited as pebble overgrowths 
and matrix or a certain amount may have been removed from the system. If 
shape factors are ignored, an average of more than 80% of the initial pebble 
volume has been removed and redistributed. Even if shape factors are consid­
ered, the average volume loss per pebble has been in excess of 50%, which 
is itself appreciably higher than the usual volume changes during deforma­
tion (Ramsay and Wood, 1973).
It is thought that the conglomerates in question were initially unlith- 
ified boulder beds poor in matrix support, became sorted into a closer pack­
ing by initial deformational movements, and underwent extreme pressure solu­
tion modification of their shapes and accompanying deposition of a cemen­
ting siliceous matrix. The result of this extensive pressure solution has 














Figure A. Deformation plots for two localities. The large
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Figure 5. Deformation plots for the special case where the
long axis of the deformation ellipsoid remains unchanged 
The two localities are the same as in Figure 4.
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Road log
Meeting Place: Parking lot of Gray's Ice Cream Drive-in at Tiverton Four
Corners (intersection of route 179 and route 77), four miles south of 
Tiverton on route 77.
From Boston: Take route 3 south to route 128 west. Follow route 128 to
route 24 south. Turn off of route 24 at the exit for route 77 south 
to Tiverton. Follow route 77 to the meeting place. Figure 6 indicates 
all necessary roads and the stop locations.
(The outcrops along the interchange of route 24 and route 77 are of 
basement rocks - Bulgarmarsh granite - which are at the margin of the 
Narragansett Basin. All of the exposure seen on route 77 from Tiver­
ton to the meeting place is of basin sediments.)
mileage
0.0 Gray's Ice Cream Drive-in. Continue south on route 77. The road is
now on basement rocks.
1.4 Turn right on Fogland road - second road on the right - will cross a
bridge 0.15 miles along the road. This road crosses into the basin 
and the rocks are of the Rhode Island formation.
2.0 Turn left at T intersection and then immediately right - Go Slow!
2.5 Note the tombolo to the right. The island is composed of Purgatory
conglomerate. Follow the road as it turns left.
3.0 Turn right into parking lot.
Stop 1. High Hill Point. This stop provides an excellent opportunity 
to observe the Purgatory conglomerate in three approximately perpendi­
cular directions in the biotite metamorphic zone. On horizontal sur­
faces the long axes of the pebbles exhibit perfect alignment trending 
N15 E; joint faces roughly perpendicular to the long axes of the 
pebbles show an even better alignment of the intermediate axes. The 
long and intermediate axes lie in a plane dipping 38° SE. Bedding 
strikes N15°E and has dips varying from 12° to 24° SE.
Pebbles are over 90% quartzite with the remainder granite and 
schist. All have an extremely flattened and elongated fabric. Inspec­
tion of the pebble surfaces indicates that most of this flattening is 
due to numerous large indentations from the adjacent pebbles. At the 
long axis terminations of the pebbles fibrous quartz pressure shadows 
are prevalent. It is therefore suggested that the pebbles were 
deformed by pressure solution, and the majority of the shape change 
can be accounted for by a reduction in volume of the pebbles. A few 
shear fractures can be observed which enhance the flattening effect 
of the pressure solution. The High Hill Point portions of figures 4 
and 5 were compiled from measurements taken at this site. Average 
shortening in the Y direction is 52% and 75% in the Z direction. (See
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text for further discussion.)
Return to route 77 via the same route.
4.6 Turn left and proceed north.
6.7 The road now follows a long outcrop of Purgatory conglomerate. Note
patches of conglomerate in yards for the next 1.5 miles. The ridge 
0.5 miles to the right is the Bulgarmarsh granite.
7.2 Behind the houses to the left is a large ridge of conglomerate which
contains a lense composed mostly of granite particles from the nearby 
basement rocks.
8.5 Sutherlands Restaurant. In the small parking lot beneath the building
and along the road to the right are outcrops of conglomerate. Beds 
here are almost vertical and long pebble axes roughly trend N45°E and 
plunge 68° NE.
11.6 Follow signs for route 24 (route 138) south to Newport.
12.0 Cross bridge. Observable outcrops are of an up-faulted block of
Metacom granite (basement rock).
15.3 Take route 138 exit and continue south.
20.0 Turn left on Sandy Point road.
20.5 Turn right on Wapping road (first right).
22.5 Turn left on Old Mill lane. Note outcrop of conglomerate. Pebbles
are aligned N10°E with bedding striking N15°E and dipping 22° SE.
23.3 Turn right onto Indian avenue.
23.5 Turn left on second small road - before the large V-shaped buildings
on the right. Park in the circle at the end of the road.
23.6 Stop 2. This stop is on the west side of the Sakonnet River, south­
west of the first stop. The pebbles at this stop are very similar to 
those at the previous stop. The long axes trend N8°E and the inter­
mediate and long axes lie in a plane dipping 30°-40° SE. As shown by 
figure 5, these pebbles also show a highly elongated and flattened 
fabric, but are slightly more prolate than those of the first stop.
The average shortening in the Y direction is 49% and is 67% in the
Z direction. The pressure solution deformation mechanism is again 
suggested (fig. 4). The composition of the pebbles and the abundance 
and effect of the shear fractures are comparable to those of the last 
stop.
The bedding in this area strikes approximately N10°E and has 
been reported to have dips of 70° SE (Lahee, 1912) to an overturned 
83° SE (Quinn, 1971). At this site many beds are near vertical and 
dip towards the NW. However, some adjacent sand lenses dip 50°-65°SE.
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The bedding orientation is also complicated by a fault which cuts 
across the outcrop running roughly parallel to the strike of the 
bedding.
Return to Indian avenue.
23.7 Turn left. The road crosses into chlorite grade metamorphic rocks.
25.7 Intersection of Indian avenue, Third Beach road and Hanging Rock
road. Continue straight on Hanging Rock road.
26.3 The ridge to the right is the southern end of one of the longest
continuous exposures of conglomerate. It is one of the best out­
crops available for demonstrating the pressure solution features. This 
is part of the Norman Bird Sanctuary; access is ONLY through the main 
gate situated 0.6 miles north on Third Beach road. From there it is 
possible to walk from the Rhode Island formation into the conglomerate 
and along the top of the ridge to Hanging Rock. It is well worth a 
visit, but obey all of the rules. The area is well patroled.
Bedding strikes N10°E and dips 65°NW. The long and intermediate 
axes lie in a plane dipping 40°-55°NW; long axes trend N18°E.
26.5 Turn right onto Second Beach road.
27.0 Park in parking lot on left.
Stop 3. Lunch stop. For the best view of both rocks and scenery, 
walk up the outcrops on the left to the top of the ridge near Purga­
tory Chasm. NO HAMMERS - this is a state park. After lunch, meet 
at the Chasm.
Purgatory Chasm. This is the classical outcrop commonly used to 
demonstrate the nature of this 'stretched' pebble conglomerate. It
has been shown, however, by both microscopic and field relations that
these pebbles have been deformed primarily by pressure solution - not 
stretched (Mosher, 1976) . The pebbles seem to be more prolate than 
previous stops with long axes trending N10°E; only an ill-defined 
sub-vertical alignment of the plane containing the long and intermedi­
ate axes exists. Bedding varies slightly, but on an average, strikes 
N10°E and dips 55°SE. This exposure extends beyond the boundary of 
the park both to the south where it is cut by numerous vertical EW 
joints exposing large rock faces and to the north on the other side of 
the road. Stop 4 is a northern continuation of this outcrop.
The pebbles have tangential, almost planar, and deeply embayed 
contacts (figs. 2,3). Thinsections of these contacts show no evidence 
of quartz and mica deformation in either pebble; internal pebble 
bedding shows no distortion at such contacts. Large fibrous pressure 
shadows of quartz can be seen at the long axes terminations of most 
pebbles (figs. 4,5). Because of the glacially scoured surfaces, 
another important feature can be observed at this locality. The 
matrix between the pebbles ranges from less than 1 mm to 3 cm thick. 
Where the pebbles are in close contact, the matrix is depleted in
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quartz and enriched in both micaceous components and heavy minerals.
In such zones the quartz content is usually much less than 10%. In 
contrast, the quartz of the matrix near to long axis terminations 
commonly amounts to 95% by volume. The latter zones are pressure 
shadows whereas the thin micaceous seams between closely adjacent 
pebbles is considered to be residual material remaining after pres­
sure solution.
The pebbles are predominately quartzite with rare granite and 
few schist pebbles. The latter are easily mistaken for matrix.
Careful observation can detect a boundary between the pebble and the 
matrix, however. Occasionally the schist pebbles are surrounded by 
small quartzite pebbles. Many shear fractures are observable with 
offsets enhancing the elongation of the pebble. At the top of the 
hill near the small parking lot for the Chasm, matrix beds grade 
into the Rhode Island formation proper. These show cross-bedding 
and both a flat-lying and steep cleavage.
Take Paradise avenue north. (Turn left out of parking lot and right 
off Second Beach road.)
27.9 Turn right to Paradise Quarry.
28.3 Park in lot.
Stop 4. Paradise Quarry. This is primarily a collecting stop since 
most others are no hammer stops. Pebbles with good indentations and 
pressure shadows are easy to find. This locality is a continuation 
of the ridge at Purgatory Chasm.
Return to Paradise avenue.
28.7 Turn right and proceed north.
29.2 Turn left on Green End road: continue straight for several miles.
30.4 On the right are some small exposures of conglomerate. This is the
southern end of Miantonomi Memorial Park. The sides of the hill 
surrounding the memorial tower show good exposure of the conglomerate. 
Down slope to the west are outcrops of disputed Pondville conglomer­
ate which may or may not be in place.
30.8 Rotary. Go 180° and continue in the same direction toward Coaster's
Harbor Island Naval Base.
31.4 Naval Base main gate. Wait for permission. Follow lead car around
circular drive past the hospital to War College.
31.8 Turn left and drive behind buildings; park.
31.9 Stop 5. Coaster's Harbor Island. Pebbles are a jumbled mass of all
shapes and sizes. Their surfaces are rough in comparison with the 
pebble surfaces at the previous stops. A high degree of fracturing
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is observed which appears to be a late occurrence, and small high 
angle faults are also found. A few pitted pebbles and 'micro'- 
pressure shadows are present. The amount of matrix is greater than 
at other localities. The bedding strikes N55°E and dips 20°NE; the 
pebbles have a slight alignment trending N17°E and plunging 30°NE. 
Although quartzite is again predominate, there is an increase in the 
amounts of granite and schist pebbles over the last stop.
32.0 When leaving parking lot, turn left and immediately right onto
another main road. The outcrops on the right are of conglomerate.
32.3 Turn right - second road.
32.6 Turn left and return to Rotary.
33.1 Rotary - take it 180° and slowly continue straight.
33.2 Take route 138 exit to the Newport Bridge to New York and Jamestown.
Tokens for the toll are in your folder. Cross bridge.
35.5 Pay toll. Continue straight on route 138 past interchanges.
36.7 Turn left following route 138.
37.2 Turn right on North Main road.
38.3 Turn left and park on the side of the road.
Stop 6. Garnet grade metamorphism has effected the conglomerate of 
this outcrop. Garnets are found in the matrix between the pebbles 
and are pressure-solved into the pebbles themselves. This indicates 
that pressure solution continued after the culmination of the retro­
gressive metamorphism. Pitted pebbles and pressure shadows are common; 
long axes of pebbles trend N8°E, and intermediate and long axes lie 
in a plane which dips 32° SE. Bedding strikes N6°E and dips 76°SE.
The pebbles are mainly quartzite, but the amounts of shale and granite 
pebbles is somewhat greater than at the last stop.
Return to route 138.
39.4 Turn right.
40.3 Turn right and park along the side of Seaside Drive.
Stop 7. Jamestown Bridge. Carbonaceous staurolite-garnet schists, 
which are muscovite-rich and quartz-poor, alternate with graphitic 
shales containing perfectly recognizable plant fossils. Small lenses 
of deformed pebbles are present.
Continue west on route 138 across the Jamestown Bridge.
42.1 Note the outcrops in the road cuts.
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42.3 Continue on route 138.
43.7 Again note outcrops in the road cuts. These two outcrops show
possible features associated with thrusting.
44.3. Take exit for route 4 north to Providence. Continue on route 4
until 195. Go north on 95 through Providence to route 128. Take
that east to route 3 north to Boston.
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